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U.S. Pat. No. 3,994,689 to DeWall shows a bubble oxygenator having a bubble chamber 
including a mesh framework for eliminating bubbles. 

U.S. Pat. No. 3,996,027 to Schnell et al. describes a device for separating low density 
materials such as gas bubbles from a liquid, the device including a liquid inlet port arranged to 
create swirling flow about a chamber. Bubbles migrate toward the center of the swirling flow and 
rise therefrom. 

U.S. Pat. No. 4,053,291 to Sims describes an oil deaerator having an entrance tube with 
holes to allow air to escape. 

U.S. Pat. No. 4,054,522 to Pinkerton describes an apparatus for exposing a fluid to a 
negative pressure for degassing liquid. The apparatus includes a receptacle with a partition 
reciprocable therein and dividing the cylinder into two chambers. By changing the volume of the 
chambers, a negative pressure is created and bubbles are extracted. 

U.S. Pat. No. 4,061,03 1 to Grimsrud describes a flow meter and bubble trap for blood. 
Flow rates and direction are such that bubbles efficiently rise out of the liquid. 

U.S. Pat. No. 4,093,428 to Swogger describes a gas/liquid separator for separating 
entrained gases such as air from liquid such as oil in hydraulic systems. Centrifugal force is 
imparted to a liquid causing gas bubbles to collect in the center of the chamber. High density 
liquid is discharged while liquid with entrained gas bubbles is urged centrally upward into a 
second chamber where further separation occurs. 

U.S. Pat. No. 4,102,655 to Jeffery et al. describes a bubble trap using flow rates to 
encourage bubble to efficiently rise to the top of a container. 

U.S. Pat. No. 4,247,309 to Buddenhagen describes a process and apparatus for the 
separation of gas bubbles from a liquid under flow, incorporating an arcuate wall to induce a 
vortex in the flow and using buoyancy to cause the bubbles to separate from the liquid. 

U.S. Pat. No. 4,282,016 to Tauber et al. describes an apparatus for removing entrapped 
gas in an oil lubrication system. Centrifugal force is imparted to the fluid flow to cause entrapped 
gas to coalesce in the center of the flow pattern and from which point it can be vented from the 
system. 
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U.S. Pat. No. 4,316,271 to Evert describes an electrostatic transducer having a bubble 
trap and a vent for extracting gaseous bubbles from the fluid fill. 

U.S. Pat. No. 4,344,777 to Siposs describes an arterial blood filter for extra-corporeal 
bypass. It has an internal divergent blood flow path from the inlet to smoothly reduce blood flow 
velocity to permit separation of air bubbles with minimum trauma to blood cells. 

U.S. Pat. No. 4,345,919 to Wilkinson et al. describes a device and method for use in 
medical transfusion or bypass circuits wherein biological fluids such as blood are introduced into a 
cylindrical cavity in a vortical flow such that gas bubbles are separated from the fluids by being 
forced toward the center of the chamber and buoyed upward. 

U.S. Pat. No. 4,360,428 to Comparetto et al. describes a device for separating particles 
from a fluid by the interplay of centrifugal, centripetal and gravitational forces in an inverted fluid 
vortex. 

U.S. Pat. No. 4,368,1 18 to Siposs describes a blood-air separator for use in the 
extracorporeal blood bypass during cardiopulmonary surgery. Air bubbles are separated from 
recirculating blood stream by centrifugal force and buoyancy after the stream has left the 
oxygenator and before it returns to the patient. Separation is accomplished by imparting circular 
motion to the bloodstream within the separator at a point where air bubbles can move upward and 
invward and blood liquid outward and downward. 

U.S. Pat. No. 4,394,138 to Schilling describes a centrifugal separator for the separation of 
the liquid and gaseous phases of a mixture thereof whereby gas is drawn to the center of the 
chamber and is buoyed upward. 

U.S. Pat. No. 4,433,971 to Lindsay et al. describes a bubble trap in a cardioplegia system 
using buoyancy to draw bubbles upward from the liquid. 

U.S. Pat. No. 4,474,184 to Harui describes a bubble trap for use with an ultrasonic 
scanhead that uses buoyancy to draw bubbles upward from the liquid. Bubbles are allowed to rise 
and escape regardless of the orientation of the scanhead. 

U.S. Pat. No. 4,475,932 to Hull et al. and its continuation U.S. Pat. No. 4,555,253 to 
Hull et al. describes a closed liquid circulating system incorporating a device for removing the gas 
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having upper and lower chambers and is arranged to induce vorticular flow in the incoming fluid 
which causes gas to be drawn to the center of the flow and to be drawn upward by buoyancy. 

U.S. Pat. No. 4,585,465 to Suzuki et al. describes a method for causing bubbles in a fluid 
to coalesce using a vortex flow and buoyancy. 

U.S. Pat. No. 4,690,762 to Katsura describes an apparatus for removing bubbles from a 
liquid such as blood, the apparatus arranged to induce vortex flow in a vessel to cause bubbles to 
be drawn inward and using buoyancy to draw the bubbles upward toward a gas outlet. 

U.S. Pat. No. 4,749,387 to Lotz describes a separator for solid particles entrained in a gas 
flow using vortex flow to increase path length and using gravity to draw particles out of the liquid 
in a vessel. 

U.S. Pat. No. 4,806,135 to Siposs describes a bubble trap using vortex flow and buoyancy 
to draw bubbles inward and upward to separate them from the liquid. 

U.S. Pat. No. 4,860,591 to Garland describes an apparatus for subjecting a gas-liquid 
mixture in a dynamic flow regime to a vortical gravity separation process to form two separate 
streams of gas and liquid for separate measurements of their flow rates. 

U.S. Pat. No. 4,874,359 to White et al. describes a medical infusion apparatus 
incorporating a bubble trap. 

U.S. Pat. No. 4,900,308 to Verkaart describes an air elimination device including a 
vertically-oriented column configured to provide a downward flow velocity for a fluid which is 
less than the rate at which a bubble of gas to be removed will rise through the fluid. 

U.S. Pat. No. 4,940,473 to Benham describes a separator and de-gassifier for a 
recirculating hot water system having a vertical reservoir divided into upper and lower chambers. 
Vortex flow is induced to cause gas to separate and rise. 

U.S. Pat. No. 5,061,236 to Sutherland et al. describes a blood reservoir device having 
filter elements to facilitate removal of air from blood. 

U.S. Pat. No. 5,152,964 to Leonard describes a membrane blood oxygenator for adding 
oxygen and removing carbon dioxide from blood and replacing the blood in the patient. Pressure 
of the blood and gases is controlled to avoid formation of gas bubbles. 
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U.S. Pat. No. 5,188,604 to Orth describes an extra corporeal support system 
incorporating a blood treatment device such as an oxygenator. 

U.S. Pat. No. 5,228,889 to Cortial et al. describes a device for eliminating bubbles of gas 
from a liquid using buoyancy. 

U.S. Pat. No. 5,429,595 to Wright, Jr. et al. describes a safety air diverter for preventing 
the introduction of air into the arterial line during open heart surgery. 

U.S. Pat. No. 5,486,162 to Brumbach describes a bubble control device for an ultrasonic 
surgical probe using a restricted passage to reduce bubbles in fluid. 

U.S. Pat. No. 5,503,801 to Brugger describes an apparatus for trapping bubbles in blood 
flowing in a circuit using redirection of blood flow to provide an opportunity for bubbles to 
separate from the blood. 

U.S. Pat. No. 5,53 1,1 19 to Meyers describes an ultrasound probe housing having at least 
one bubble trap disposed therein. The bubble traps use fluid expansion compensation chambers to 
capture bubbles. 

U.S. Pat. No. 5,537,335 to Antaki et al. describes a fluid delivery apparatus in which 
pressure waveforms are produced which mimic the pressure waveforms of the human circulation 
system. 

U.S. Pat. No. 5,582,633 to Jiang et al. describes a water management system which 
removes water vapor from the analyte slug that is desorbed from the trap. Swirling flow is 
created to remove water vapor. 

U.S. Pat. No. 5,591,251 to Brugger describes an apparatus for trapping bubbles in blood 
flowing in a circuit, including a chamber divided into upper and lower subchambers. Deflection 
and redirection of blood within the chamber provide an opportunity for gases in the blood to 
separate from the blood. 

U.S. Pat. No. 5,632,894 to White et al. describes a blood filter arranged to induce vortex 
flow for release of entrapped air through a top vent offset from the central axis. 

U.S. Pat. No. 5,674,199 to Brugger describes an apparatus for trapping bubbles using 
redirection of flow to provide an opportunity for bubbles in the blood to separate from the blood. 
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U.S. Pat. No. 5,707,431 to Verkaart et al. describes a gas elimination device for cellular 
fluids arranged to create a vortex flow. The separation of gas bubbles is caused by both the 
centrifugal forces in the vortex and the buoyancy of the bubbles. 

References Discussed in the Specification 

Copies of the following references, which were discussed in the specification of this 
application, are enclosed: U.S. Pat. No. 4,368,1 18 to Siposs; U.S. Pat. No. 4,388,922 to Telang; 
and U.S. Pat. No. 5,451,321 to Matkovich. 

References cited in Assignee's Other Pending Applications 

The following references were cited during prosecution of another application, USSN 
08/934,908 filed 9/22/97, that is assigned to the assignee of the present application and pertains to 
a blood gas separation device: 

U.S. Pat. No. 2,876,860 to Clark et al. describes a device for de-aerating a liquid 
using a hydrocyclone having in combination therewith a vacuum-influenced chamber. 
U.S. Pat. No. 3,785,380 to Brumfield has already been cited in this application. 
U.S. Pat. No. 4,547,196 to Bartlett describes a system for autotransfusion. 
U.S. Pat. No. 5,451,321 to Matkovich is discussed in the specification of this 
application. 

U.S. Pat. No. 3,955,573 to Hansen describes an anticoagulant delivery device 
forming part of an aspiration wand. 

U.S. Pat. No. 3,807,401 to Riggle et al. describes an anticoagulating blood suction 
device for use in intra-operative autotransfusion operations. 

U.S. Pat. No. 3,965,896 to Swank describes a blood autotransfusion method. 

U.S. Pat. No. 5,386,734 to Pusinelli describes a centrifuge for the separation of 
blood into its component. 

Great Britain Pat. No. 2063 108, Great Britain Pat. No. 3624363, German Pat. No. 
3641644 and German Pat. No. 4329385 were cited earlier in the prosecution of this 
application. 
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German Pat. No. 2621051 describes describes a cyclone device for separating 
liquid components from flowing gas. 

German Pat. No. 29500879 describes a device for suctioning blood from the field 
of an operation being conducted on a living organism. An anticoagulant can be added 
while the blood is being suctioned up. 

German Pat. No. 4326886 describes a device for suctioning up and processing 
blood from fields of operation. The suctioned-up blood is conveyed over baffles 17 in a 
vacuumized reservoir 3 in order to remove air from and hence de-foam the blood. 

German Pat. No. 3222345 describes a device for suctioning up and releasing 
blood. The blood is suctioned up through a tube 30 with a vacuum generated by a source 
28 and conveyed to a collecting vessel 15 through flexible tubing 12 provided with a flow- 
control clamp 1 1 . 

German Pat. No. 3448173 describes a device for autotransfusion or reinfusion 
wherein an anticoagulant liquid is added to the blood. 

German Pat. No. 301 1681 describes a device for filtering parenteral or other 
liquids. Is has a housing 30 with an outlet 55 for the gas to escape through. 

The following references were cited in another application for U.S. patent, USSN 
08/934,941 filed 9/22/97, assigned to the assignee of the present invention and relating to a 
method of blood-gas separation and separating device: 

U.S. Pat. No. 5,41 1,472 to Steg Jr. et al describes a low trauma blood recovery 
system. The system separates liquid blood from the foam blood mixture and relatively 
slowly accelerating the liquid blood from substantially zero velocity at the wound site to a 
low velocity and moving the liquid blood at relatively low velocity and relatively high 
negative gauge pressure, while separately accelerating the blood foam mixture at a greater 
rate of acceleration and moving the blood foam mixture at a higher velocity under lower 
negative gauge pressure. 
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German Pat. No. 2261 127 describes a gas trap for liquids like blood flowing 
through a line. The blood flows through one chambe r 18 so turbulently that the bubbles 
separate out and float up to a gas-collecting connection 20 in another chamber 24. 

WIPO 92020380 to Adhoute describes a per-operational autotransfusion suction 
device having a suction cannula. 

The following were all discussed above or earlier in the prosecution of this 
application: U.S. Pat No. 3,785,380, U.S. Pat. No. 2,876,860, U.S. Pat. No. 4,547,196, 
U.S. Pat. No. 5,451,321, GB 2063108, German Pat. No. 3624363, German Pat. No. 
3641644, German Pat. No. 4329385, German Pat. No. 2621051, German Pat. No. 
29500879, German Pat. No. 4326886, German Pat. No. 3222345, and WIPO 92020380. 

The Applicant brings to the Examiner's attention USSN 08/571,490 filed 12/13/95 for 
which a Notice of Allowance has been issued and the issue fee paid, which is assigned to the 
assignee of the present application and which relates to a cyclone apparatus for removing air from 
air-containing blood. All references cited during the prosecution thereof have been cited above, in 
the specification of this application, or previously in the prosecution of this application. They are: 
U.S. Pat. Nos. 3,785,380, 5,451,321, 4,388,922, and 4,368,118, GB 2063108, Ger. Pat. No. 
3624363, Ger. Pat. No. 3641644, and Ger. Pat. No. 4329385. 
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Search Report 

A copy of the search report for the German application from which the present application 
claims priority is enclosed. 
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